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Warehouse and Distribution Center Managers constantly face the challenge to 
efficiently utilize space and subsequently reduce costs. The most practical, low-cost 
solution is to find and use the hidden space in the warehouse. Our focus will be mainly on 
the Precision Lab in Siemens Energy warehouse located in Suwanee, Georgia. The 
precision lab receives tools at a high rate, especially during peak seasons. Siemens has 
three technicians in the lab. Their main focus is testing, calibrating, and sending out tools 
that need calibrations to outside vendors as well as keeping up with the high demand. The 
problem is that they are falling behind on their tool testing and thus they continue to have 
difficulties keeping up with the demand due to limited storage space and poor tool 
assessment processes.  
Siemens warehouse runs of space due to rapid growth, seasonal peaks, and poor 
space utilization. The space issue is a common occurrence that continually happens in all 
warehouses. In our case, the storage space in the Precision lab is limited and space on 
shelving is not optimized to accommodate the demand, especially during peak seasons. 
The goal is to optimize our Precision lab functions and achieve maximum process 
efficiency and space utilization. A better and more efficient lab layout design would impact 
productivity and efficiency in the lab. In this project we proposed three main solutions to 
increase the storage space and improve the tool assessment process in the lab.  
The first solution for the lab was to add shelves in the precision lab and the torque 
lab and implement the cube utilization methods to optimize the storage space. 
Unfortunately, shelves in the lab are not optimally used. There are many unnecessary items 
on the shelves that have not been used in years and take up space. We proposed two designs 
that would increase the storage space by approximately 120%-150% compared to the 
current storage space in the lab.  
Time management is a critical aspect of any successful business. Lab technicians 
face difficulties while keeping up with the high demand despite the fact that there are three 
employees in the lab. The reason they cannot keep up with the demand is because they 
spend a large amount of time entering data manually. Our second proposed solution was to 
provide them with tablets that are connected directly to the system which have a barcode 
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scanning feature. This will help to reduce the time spent on the tools assessment process 
significantly as well as reduce the overtime hours worked by employees, and have a direct 
impact on the toolkits turnover rate. We conducted a time study that showed the current 
productivity rate in the lab is around 37%.  Improving the tool assessment processes helps 
to increase productivity in the lab by 43%, which will bring it up to 70% productivity. 
We also decided to implement the upper market pickup system, which is similar 
to the system used in the Siemens warehouse in the Houston location. This method 
provides better visibility of tools and parts in the lab which can also be a contributing 
factor to increase the productivity rate in the lab.  
Many tools are being misplaced, lost, or broken because they are not stored properly 
when they are sent back to the warehouse. The customer does not package the tools in the 
kits properly and ships most of the kits incomplete. Data shows that Siemens spent over 
$300,000 in 2018 on broken or missing items in the toolkits. The last proposed solution for 
broken and missing items in the toolkits is to add a booklet to be sent out with each toolkit. 
This booklet keeps all the toolkits organized by having photos and descriptions of each tool 
so nothing can be overlooked. Adding the booklets (catalog) can help minimize the work 
done by the lab technicians because they will have less tools to work on and less parts to 
replace and fix. Consequently, this will minimize the costs for ordering new parts and 
broken items, thus reducing the time spent assessing the tools.  
Siemens provided us with a $2,000 budget for the project. Our proposed solutions 
for the layout were designed to fit within the specified budget. The costs of adding shelves 
in the first layout design is $1,298.06, which is well under budget. The second design cost 
is $1,843. This will take care of the storage problem in the Precision lab for the time being. 
To accommodate future growth, we will need more storage space. That is why we decided 
to redesign the Torque lab layout as well by adding two pallets racking. The costs of these 
racks are $2,151.70. The tablets and the booklets are designed to improve the system and 
reduce the time spent on the tools assessment process. The total cost of the project would 
come to be $8,350. This investment will have a significant impact on the overall Siemens 
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Siemens Energy is a German multinational company headquartered in Munich and 
is the largest industrial manufacturing company in Europe with branch offices abroad. 
Siemens is a global powerhouse focused in the areas of electrification, automation, and 
digitalization. It is one of the world’s largest producers of energy-efficient and resource-
saving technologies. In this project, we will be working at a Siemens energy facility located 
in Suwanee, Georgia. Siemens warehouse has a precision lab used for testing and 
recalibrating toolkits for Siemens engineers and many other clients. This project focuses 
mainly on redesigning the precision lab layout within the Siemens warehouse. The purpose 
of this design is to optimize the storage space within the lab to withhold more toolkits that 
are ready to be shipped and used by customers and improve the tool assessments process. 
We will also create a new and improved efficient system flow for tools coming in and out 
of the lab. Although it is a straightforward process, many warehouse managers do not take 
the time to calculate their warehouse space utilization because they are convinced, they 
simply do not have enough space. In truth, many warehouses only use 20% of their space 
at any given time. When a warehouse can calculate their space utilization, they can decrease 
costs, increase productivity, and improve their bottom line. (Saha, 2019) 
1.2 Overview: 
Siemens warehouse receives containers that have different types of toolkits. These 
tools need to be tested before they are sent back to Siemens field engineers and/or other 
clients. The main focus of the Siemens warehouse in Suwanee is to take these toolkits out 
of the containers and test every single item in the kit, replace the missing and broken tools 
in each kit with new parts, and send some of the tools that require calibration to the 
precision lab. Some of the toolkits they use are Set A and Set B, which are large containers 
that contain various types of toolkits that are needed on the field. These two sets are the 
largest tool sets available at the Suwanee location.  
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Figure 1: Tools Set A and Tools Set B 
 
Every single item in these toolkits must be examined every time they are used to 
ensure the safety of the team members in the field and avoid costly accidents that can delay 
the project at hand. Some of these tools need to be recalibrated and that is where the 
precision lab comes into play. The precision lab technicians keep some tools and parts in 
the lab to fix and replace the broken items in the returned kits. Siemens normally orders 
these tools from their in-house supplier, Turner Supply Company. The precision lab is 
18.75 feet wide and 58 feet long, which is a very small space compared to the rest of the 
warehouse. Siemens has allocated only 10% out of the Precision lab space for shelves and 
racks to keep toolkits and parts for daily use. That is not enough space to keep up with the 
high demand, especially during peak seasons.  
 
1.3 Problem Statement:  
 
The Precision Lab is in a desperate need of a new organizational system that will 
optimize their space and help the lab to run efficiently. They are especially concerned about 
high demand during Spring and Fall seasons. The precision lab experts normally work on 
tools they receive from different kits. Some of these toolkits come into the warehouse 
missing parts. The lab technicians fix the toolkits by replacing the missing or broken parts, 
then test and recalibrate them before they are labeled with a green tag that indicates the 
toolkit is ready to be shipped to clients or engineers on the field.  
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The precision lab has limited storage space to store some of the tools and parts 
needed daily and has a small work order capacity. Lab technicians can work on two to three 
carts that carry different tools at a time. The time spent on testing and calibrating the tools 
is far more than what is expected. Therefore, this causes the lab to fall behind on their work 
and delays the entire operation in the warehouse.  
We conducted a time study which monitored the work flow in the lab to understand 
the main problem which causes delays. During the time study, the technicians received two 
carts full of tools. Lab technicians could not get to them because they spend the majority 
of their time entering data in the system, updating the tools status in software, creating 
work orders for some of the tools to be sent out for calibration, and testing some of the 
tools they already have in hand.  
There are three technicians in the lab; two of which focus on testing, and the third 
technician’s main focus is entering data and creating work orders. During the time study, 
one of the technicians needed a part to replace and fix a tool on his desk. He was unsure if 
the lab carried that specific tool in the shelf storage. He spent 27 minutes going through 
the parts stored in the lab and could not locate it. He finally had to wait for the other 
technician to be finished with the computer to put an order in for that part from Turner 
Supply.  
Turner Supply carries most of Siemens’ inventory at that specific warehouse. 
Occasionally, Turner stock-outs of certain parts and they must order them from Streat- the 
main manufacturer Siemens prefers. Eventually the lab technicians abandoned that tool and 
started up work on another one. A lot of time was wasted, and no progress was 
accomplished on that specific tool. The entire cart full of tools was delayed because of that 
one piece. They did not have a safety stock of tools and parts stored to replace it because 
they do not have enough storage space. This dilemma leads to my next point, limited 
storage space. They have three racks in the lab, one of which is not being used at all because 
it is full of tools, parts, and other unnecessary objects that have not been touched in years. 
The other two shelves are not optimally utilized, as there are empty spaces on the shelves 
and the overhead space is not used. Technicians are falling behind on tool testing, placing 
tools and parts on shelves, finishing paperwork for received tools, as well as examining 
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and testing toolkits that need to be tested. In the photo below, we can view the 
disorganization and misused storage space. 
 
Figure 2: Precision Lab Toolkits and Shelves  
 
In following picture, we see there are a few carts full of tools in front of the 
precision lab waiting to be taken in to be tested and recalibrated and sent back to set A or 




Figure 3: Carts full of tools in front of Precision Lab 
 
An ineffective chain will impact the entire process in a negatively. Usually, one 













The objective of this project is to redesign the precision lab layout to provide an 
uncomplicated flow system that assists the lab experts with testing procedures. This lab 
redesign will also maximize the storage space that will allow the storage of safety stock of 
tools and parts which will reduce the time spent on the tool assessment process. To create 
an effective lab design and process flow in the warehouse, we must examine and review 
the entire process. In the lab, we must optimize the space used to store the tools and parts 
and have an effective lab design layout that gives us the best use of space per cubic foot. 
Siemens precision lab needs an organized system which will benefit the company and 
guarantee the safety of employees by ensuring the lab meets all OSHA regulations. Since 
the company has a high demand of tools being processed through the precision lab, this 
system should help navigate the tools more efficiently and utilize the storage space as well 
as reduce the time spent on paperwork and entering data in the system. Ultimately, the 
precision lab redesign will increase the turnover rate of tools at the warehouse to keep pace 
with high demand especially during peak season.  
 
1.5 Justification:  
 
As lean warehousing, cost effectiveness, and increased efficiency and productivity 
become a way of life for warehouse professionals, maximizing space utilization is more 
critical than ever before. Siemens has a tool warehouse in Houston that is similar to the one 
in Suwanee, but is far more efficient and organized. In this project, we will be focusing on 
making a few critical changes that will have a huge impact on the tools turnover rate to 
increase efficiency, productivity, and profitability. We have limited budget of $2,000 that 
was specified by Siemens for this project, so our solutions have to be within that range.  
Due to the limited storage space and the difficulties of keeping up the high demand, many 
toolkits stay in the containers for weeks or even months before they are opened for testing. 
Carts full of tools that need to be checked are placed in front of the lab entrance between 
the aisles and outside the lab. Optimizing the storage space will help with opening more 
containers and testing the tools that are sent back to the warehouse to prepare them for 
shipment and use. Because of the small capacity of the precision lab, Siemens is using other 
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vendors to test and recalibrate some of the toolkits they receive. Using outside vendors can 
increase cost, but Siemens uses them to ensure they have all the tools that customers and 
field engineers need at any given time. A new and more efficient layout can have a direct 
impact on ROI (return on investment), increase efficiency, and garner higher employee 
satisfaction which leads to increased productivity. 
 
1.6. Minimum criteria  
 
 To ensure the success of the project, we had to set up a baseline. This baseline is 
made of points and headlines that need to be accomplished by the end of the project. Listed 
below are the categories addressing the minimum success criteria: 
1.A. Increasing storage space by at least 20% in the lab. Generally, one of the major 
issues in the warehouse is lack of space. We will be focusing on increasing the storage 
space in the Precision lab by 20-30% to be able to store a safety stock of tools and parts for 
repair needed on a daily basis. A few of the things that will be focused on to accomplish 
this result are the vertical overhead space, space utilization, and shelves space optimization.  
1.6.B. Providing a system that makes it easy to access different toolkits at any given 
time. As mentioned earlier in the problem statement, so much time was wasted by 
technicians looking for parts to repair tools in the lab. We will be focusing on implementing 
the supermarket pickup system and labeling to have a more efficient system flow in the 
lab. 
1.6.C. Reducing the time spent on entering data in the system and fixing the 
paperwork by 50%. Many hours are being wasted on a daily basis because lab technicians 
enter data manually. This is one of the major issues that causes the entire system in the 
warehouse to fall behind on certain tasks which contributes to falling short on demand.  
  1.6.D. Precision Lab Layout redesign. Creating a safe and more efficient layout that 
helps improve the system flow in the precision lab and most importantly meets OSHA 
Regulations to ensure the safety of the employees.  
1.6.E. Reduce the overall costs of purchased items to replace the broken ones. Many 
toolkits are being returned missing parts or have broken and misplaced items. A lot of 
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money is being spent and time wasted to replace these items, which could have a huge 
impact on the tools turnover rate in the warehouse.  
 
CHAPTER TWO - LITERATURE REVIEW 
 
2.1. Literature Review 
 
A structured review of literature is an attempt to study warehouse operational and 
organizational issues and affected performance measures including Scholarly Articles, 
Quality Journals, and several other online resources. Multiple peer-reviewed articles are 
explored through keywords like Warehouse design, Lean Warehousing, 5s Continuous 
Improvement Warehousing, SIPOC systems, and Materials handling devices (e.g. 
routing, batching, picking, storage, etc.), Optimization, Pareto Principles, and the 
DMAIC Improvement Cycle. (Shah, 2017) 
Warehouses are an opportunity to improve operation optimization and information flows, 
to reduce inventory levels and to enable more agile distribution. The successful 
performance of a warehouse depends on appropriate strategy, layout, warehouse operations 
and material handling systems, warehouse design problems involve five groups of 
decisions: determination of the general structure of the warehouse (conceptual design); its 
sizing; layout calculation; warehousing equipment selection; and selection of its 
operational strategy. In addition, a warehouse project must also include definitions of 
policies about order fulfillment/picking, stocking, and stock rotation. (Reis, Souza, Costa, 
Stender,Vieira, and Pizzolato, 2017) 
The purpose of this project was to conduct a case study on the implementation of 
Lean Six Sigma techniques in warehouse management. The result was how operations 
could be improved with the help of lean management tools. Lean is commonly linked to 
manufacturing or nonmanufacturing. However, the scope of this project was narrowed to 
warehousing only, which is one of the main logistics activities. 
In this research, lean tools and techniques were studied and applied in a case study 
carried out in a warehouse of a manufacturing company called Siemens AG. After the 
literature review on warehousing process and lean thinking, some tools of lean 
management were utilized, namely the 5S and value stream mapping. Problems related to 
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layout design, storage location, and picking methods are addressed in order to optimize the 
performance of the system. The results suggest ways to eliminate wastes and reduce time 
and cost in warehouse management of the case company. (Tran, 2015) 
Implementation of Lean in the production or in the various levels of an organization 
needs to be supported by the establishment of Lean environment. This can be done through 
five processes for achievement of standardization, effective workplace organization, and 
continuous improvement known as the 5S - short-stands from the Japanese words for sort, 
set in order, shine, standardize, and sustain.  
The idea behind the 5S tool is that well-organized environment contributes to the 
optimization and productivity by: Creating and maintaining organization and orderliness; 
Using visual cues to achieve a more consistent operational result; Reducing defects and 
making accidents less likely; The 5S principles refer to Manufacturing Management but 
are more popular in Lean Manufacturing Processes. However, this standard approach for 
housekeeping appeared to be applicable in various activities, such as data organization, 
office housekeeping, measurements and management systems within the supply chain and 
factory. (Gergova, 2010) 
Warehouse management involves location selection, sizing, layout design, 
administration system design, location control, delivery and data record. The space 
reserved for material allocation and the time required for material handling are key drivers 
in the design and management of the storage’s areas. The strategy used to allocate products, 
in fact, influences almost all the warehouse performance and depends strongly on its layout. 
In such a context, the storage location assignment problem consists of allocating products 
to the different slots in a warehouse with the main goal of minimizing the handling costs 
and maximizing the space utilization. Most of the models for warehouse optimization 
present in literature are devoted to the minimization of the total cost for picking operations. 
Consequently, products are allocated with the final aim to decrease the picking distance. 
(Mirabelli, Pizzuti, Macchione, and Lagana, 2015) 
It is necessary to allocate warehouse resources efficiently and effectively to 
enhance the productivity and reduce the operation costs of the warehouse. One vital area 
to determining the efficiency of a warehouse is the determination of the proper storage 
locations for potentially thousands of products in a warehouse. Various factors affecting 
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the storage assignment like order picking method, size and layout of the storage system, 
material handling system, product characteristics, demand trends, turnover rates and space 
requirements are been extensively studied. It has been suggested that selecting appropriate 
storage assignment policies (i.e. random, dedicated or class-based) and routing methods 
(i.e. transversal, return or combined) with regards to above factors is a possible solution to 
improve the efficiency. Various decision support models and solution algorithms have also 
been established to solve warehouse operation planning problems. 
The use of information systems for warehouse management is studied extensively 
in literature. Complexity of warehouse management is indicated among others by amount 
and heterogeneity of handled products, the extent of overlap between them, amount and 
type of technology as well as characteristics of associated processes. As the complexity 
increases it becomes necessary to use Warehouse management systems for handling 
warehouse resources and to monitor warehouse operations. (Mirabelli, Pizzuti, Macchione, 
and Lagana, 2015) 
 
2.2. Benchmarking 
The Houston location has managed to organize their shelves and optimize their 
storage space. They have a larger storage space, more employees, and although they have 
the same tools and shelves, they implemented a supermarket pick-up system to help 
everything flow smoothly.   
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Figure 4: Houston Precision Lab 
 
The Houston location uses Cube Utilization in a more effective way. It is a great 
method for optimizing storage space with different bin sizes. Since we have a wide variety 
of different bins and sizes, we must implement the Cube Utilization storage system to 
minimize the honeycombing effect and avoid wasted spaces on shelves. To effectively 
accommodate the variety of tools of different sizes, we should be able to provide a variety 
of storage types and sizes. The company has a high demand of tools being processed 
through the precision lab and this new design layout and the tool assessment improvement 
should help navigate the tools better and utilize the storage space more efficiently. 
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CHAPTER THREE- PRECISION LAB 
 
3.1 Precision Lab 
 
3.1.A Lab Overview 
 
Utilizing a calibration laboratory is important to the company and its clients. This 
ensures that the equipment sent to the Siemens warehouse will come back calibrated 
properly. The Siemens facility implements a precision lab, which receives tools at a high 
rate throughout the year. The precision lab receives toolkits to be examined and 
recalibrated before they are sent to clients or engineers on the field.  
 
Figure 5: Precision Lab Layout 
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3.1.B Tools Testing and Calibration 
 
Calibration is the process of verifying the readings of a tool or an instrument to 
match that of a standard. In our modern society, it is important that the tools we use are 
accurate because it is absolutely essential in making decisions and performing tasks. These 
tools need to be verified to ensure correct data and enable us to make good decisions. 
Laboratories in particular use calibration to verify that the measurements of instruments 
perform consistently. It would be difficult to repeat a process with the same conditions if 
the tools used to make the measurements are inconsistent.  
 
3.1.C Reasons Why Calibration is Important:   
 
A. Tool calibration ensures the safety of processes 
B. Tool calibration can help reduce costs from manufacturing errors. Using tools that 
are not tested can be very costly. This is expensive in both time and resources, or 
worse yet- defective parts could be delivered to a client.  
C. Siemens will maintain its reliability and client trust. When a customer would like 
to make use of Siemens tools, they need to know they can trust that the service 
provider is going to perform the calibration in a proficient manner.  
 
 
3.2. Tools Assessment Process  
 
3.2.A. Paperwork process 
 
Lab Technicians must enter all data manually in TCTP (Tools Control and Tracking 
Program) and Bench Top software. Occasionally, they spend a whole day entering data in 
the system because the current system breaks down a great deal of the time. In order to get 
it resolved, they have to contact tech support. This can result in a huge delay in the 
operation and effect the process flow in the lab. This delay could last up to five to six hours, 
which causes a delay in the entire operation.  
Once a cart full of tools is obtained for the Precision lab for inspection, lab 
technicians go through the paperwork to see which equipment is good, which items need 
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repairs, and what can be sent out to an outside vendor for testing and calibration. Some of 
these tools need to be sent out to other vendors because some of this equipment is outside 
of the Siemens testing range. The outside vendor’s scale goes up to 100,000 pounds and 
the precision lab does not have that testing equipment to test and calibrate.  
The precision lab technicians use Bench Top software to enter the information 
needed about the tools that need to be calibrated and sent out to vendors. Once it is entered, 
they create a patch order that includes a list of tools that needs to be calibrated. At that 
point, they send these tools to outside vendors and update the status to “Sent to Calibration” 
in the system. Bench Top is not connected to TCTP in any way. TCTP is a tracking and 
control tools program where each tool gets assigned a SKU number and status update in 
the system. All this needs to be done manually. TCTP is a new software the company 
started using that allows all departments to view the status of their toolkits, their 
availability, and the quantity of each product. All this data needs to be updated manually 
as well.  
Once the toolkits are sent back from the vendors, lab technicians must go through 
the paperwork again and update the status in the system. After that, they take these tools 
and rack them on the shelves or prepare them for shipment. While they are going through 
the paperwork, the tools are laid out in the middle of the lab waiting to be put on shelves 
and out of the way, which occupies a huge space in the lab and has a direct effect on the 
tools assessment process. 
 
3.2.B. Ordering Parts 
There are certain items the precision lab technicians require to repair and fix some 
of the tools. Most of these tools go into Tools Set A and Set B.  If the lab is out of stock, 
lab technicians would put it in an order for the parts which normally takes anywhere 
between an hour to two days to be delivered to the lab. That is to say, if Turner Supply has 
that specific part in stock.  If Turner does not have it in stock, then they must order it from 
the main manufacturer Streat, which is one of the best in the industry. There are other 
special parts that Turner may not carry or stock out. As a result, when the lab needs that 
part, Turner would have to order it from the manufacturer, which could take several 
months. Other companies in the same industry may order the same parts, which creates a 
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lack of supply due to limited manufacturer. This results in stretching the lead time/wait 
time. Turner tries to anticipate which parts they need and how many of each during peak 
season based on the prior year’s demand. However, that is another area they are lacking 
due to limited storage space and an outdated system that was grandfathered.   
 
3.3 Turner Supply  
Turner Supply is an In-house supplier hired by Siemens to provide the necessary 
parts Siemens needs on a daily basis. After meeting with the Turner Supply Account 
Manager, Barry Madison, we learned that Turner uses EOQ (Order quantity) to obtain an 
approximate number for the inventory Siemens may need. The use data gathered from four 
months from the prior year to order the correct parts. Moreover, there are other parts 
Siemens may need that Turner does not carry in the warehouse because Siemens rarely 
uses them. Consequently, Turner must order them from the main manufacturer, Streat. 
Siemens focuses on ordering parts from this company for two reasons; firstly, they carry 
all the required testing tools that fix the parts for this company. If the lab orders parts from 
another manufacturer, Siemens would not be able to test and calibrate some of these parts 
and tools because they do not have the equipment for it. Secondly, Streat provides the top-









CHAPTER FOUR- PROJECT MANAGEMENT 
 
4.1 Project Management 
 
4.1.A Project Schedule:  
 
In project management, a schedule is a listing of a project’s milestones, activities, 
and deliverables usually with a start and finish date. We implemented an element of project 
planning that involves determining and documenting a list of all the specific goals, tasks, 
and deadlines. This ultimately helps to achieve the objective of the project, which is also 
known as Project Scope.  
 
Table 1: Project Schedule  
MileStone Tasks Start Date Finish Date Duration Notes
Intial Design Review Warehouse Tour and Problem Assisment 8/22/19 8/29/19 7
Design Concepts and trade Study 8/23/19 8/26/19 3
Design Requirements and Specifications 8/23/19 8/26/19 3
Defining the Minimum success Criteria 8/27/19 8/29/19 2
Verification Approach (Plan: Analysis) 8/27/19 8/29/19 2
Schedule setup  and GATT Chart 8/25/19 8/29/19 3
PDR 2-Sep 19-Sep 17
Preliminary Design Review System Flow and operation Oberservations 9/2/19 9/5/19 3
Determine Functional and non fucnctional Requirements 9/4/19 9/6/19 2
Siemens mangments Interview 9/6/19 9/7/19 1
Perision Lab Experts Meeting 9/6/19 9/7/19 1
Lab, Equipment and Shelves Measurements and Data Collection 9/9/19 9/15/19 6
Proposed technical Solutions 16-Sep 19-Sep 3
In Prograss Review 20-Sep 17-Oct 27
In-Prograss Review Precision Lab Experts Meeting 20-Sep 21-Sep 1
Palnt manager Meeting with Dairen at Siemens, Project Overview 27-Sep 28-Sep 1
proform Time Study- Toolkits, Reciving, Testing, Reracking, Shipping 23-Sep 4-Oct 8
Research Refrences and 1-Oct 15-Oct 10
Cube Utilazation Analysis 5-Oct 12-Oct 6
AutoCAD Lab layout Redesign 1-Oct 15-Oct 10
Space Optimimazation Analysis 5-Oct 10-Oct 5
Project Evaluation (Dr. khalid, Dr Kyser, Dr. Li) 9-Oct 17-Oct 7
CDR 21-Oct 14-Nov 23
Critical Design Review Configuration Analysis- 21-Oct 25-Oct 3
Quantitative Analysis 21-Oct 5-Nov 13
Safety and Regulation Review 27-Oct 31-Oct 4
Perito pronciple-Tools utilazation 4-Nov 5-Nov 1
Areana process Development 6-Nov 12-Nov 6
Benchmark (Before and after) 11-Nov 13-Nov 2
Benckmark comparesion with Houston 11-Nov 13-Nov 2
Savings, Budget configuration 25-Oct 10-Nov 15
Supermarket pickup System Implimantation (Labeling) 4-Nov 12-Nov 8
System Tolerance testing and evalualtion 12-Nov 14-Nov 2
FDR 18-Nov 28-Nov 10
Final Design Review Video 18-Nov 25-Nov 7
Poster 18-Nov 25-Nov 7
Final Review 26-Nov 27-Nov 1
Presantation 28-Nov 28-Nov 1
 25 
 
Figure 6: GATT Chart 
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GATT Chart: Lab Layout Redesign 
Start Dat e 7 3 3 2 2 3 17 3 2 1 1 6 3 27 1 1 8 10 6 10 5 7 23 3 13 4 1 6 2 2 15 8 2 10 7 7 1 1
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Siemens gave us a budget of $2,000 for this project. All of our solutions were 
proposed with this budget in mind. However, we also decided to accommodate future 
growth to avoid the same problems from recurring in the near future. Some of these 
solutions would result in significant savings over the years. The specified budget can cover 
some of the shelves cost in the precision lab only. This will only take care of the storage 
space for a few months. The main problem is not only the space, but the misuse of shelving. 
The lab has an entire rack of seven shelves full of unnecessary items that are never used. 
Along with space optimization, the tools assessment process in the lab needs to be 
improved which will have a significant change on lab efficiency and productivity. This can 
be fixed by adding the tablets and barcode scanners as we will elaborate more on in the 
following chapter. According to MobileDemand.com, an xTablet T8650 costs $1,330 each. 
The lab needs three tablets, one for each technician. (“Mid-Performance - Mid Price & 
Performance in rugged tablets - Windows or Android”, 2019) 
 
Table 3: Shelves Sizes and Pricing from Turner Supply 
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Table 4 above shows the types of shelves needed for each design and the price 
associated with it, as well as the measurements for each one. This information was provided 
by Siemens main supplier, Turner Supply. After adding the total prices of the shelves for 






Total $8,651  
Table 4: Cost of Items  
 
If we implemented all the solutions proposed, we would need around $8,651 for 
this project. We are looking to compensate for it by reducing costs in the tools assessments 
process to save time and reduce the overtime for employees.  
 
4.3. Cost-Benefits Analysis: 
Cost-benefit analysis is one of the most important aspects of project management 
that helps us determine if the proposed solutions are worth implementing. After adding the 
costs of the shelves, the tablets, and the booklets our total investment needed is $8,651 to 
implement the project. Our specified budget for the project is $2,000. Thus, we decided to 
look for areas where we can reduce the costs to improve the return on investment. The lab 
technicians are working overtime every week to be able to keep up with the demand in the 
lab. After implementing the project design, we expect a significant time reduction in the 
tool assessment process. In this case, technicians would not need to work overtime. Lab 
technicians get paid $28/hour and $42/hour for overtime hours. Table 5 below shows the 
hours worked by the employees in the lab and the overtime pay for every year.  
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employees hours/ yr Normal hrs overtime hours Salary ($) Overtime pay
Employee 1 2304 1920 384 69888 $16,128
employee 2 2304 1920 384 69888 $16,128
employee 3 2304 1920 384 69888 $16,128
Total $48,384
Table 4.1: Precision Lab Employees Hours and Overtime Pay 
 
From the table above, the company is spending a total of $16,128 a year for ten 
hours a week of overtime per employee. That is a total of $48,384 a year for the three 
employees in the lab. Reducing the employees’ hours to forty hours a week would have a 
huge effect. We performed a breakeven analysis by dividing 48,384 by twelve months. We 
get a savings of $4,032 per month. This means we would break even in a little over three 
months. We would have a savings of $39,733 the first year alone and a total of $48,384 the 



















4.3. Resources Available 
 
Siemens Staff members:  
- Ernie Ayala, Project Manager    
Phone : 281-946-4138 
Email : Ernie.Ayala@siemens.com 
 
- Daniel Manzy, Supply Chain Specialest  
Phone : 678-258-1882 
Email : Daniel.manzy@siemens.com 
 
- Sarah Abdullah, Project Coordinator     
Phone : 404-906-3280,   
Email : Sarah.Abdullah@siemens.com 
 
- Precision Lab Experts 
 
Kennesaw State University 
- Dr. Adeel Khalid, Instructor  
Phone: 470-578-7241 
Email: Adeel.khalid@kennesaw.edu 

























CHAPTER FIVE: PROPOSED SOLUTIONS 
 
5.1. Problem Solving Approaches: 
 
Supply chains continue to increase in complexity. Being able to effectively manage 
this complexity is essential to achieve important project objectives which contribute to 
business growth and profitability. As part of the process development and storage space 
optimization, we will be focusing on space utilization, cube utilization, overhead space, 
labeling, as well as shelves at the end of aisles for small and high-volume tools for fast 
picking. Slotting, code scanners, and sliding racks are some optional ideas we could use to 
improve the system as well. We noticed that boxes of different sizes are everywhere, as 
well as many other unnecessary objects that occupy space such as empty boxes, trash cans, 
chairs, and even unrelated tools in the storage units. There is no specific order or 
organization of tools on the shelves. If items in the warehouse are well organized and clean, 
there is a good chance for safer and more efficient operations and a smoother business 
flow.  
 
5.2. Six Sigma and The SIPOC Method:  
 
A SIPOC diagram is a tool used by a team to identify all relevant elements of a 
process improvement project before work begins. It helps define a complex project that 
may not be well scoped, and is typically employed at the Measure phase of the Six Sigma 
DMAIC (Define, Measure, Analyze, Improve, Control) methodology.  
 
5.3. Proposed Solutions: 
 
1. AutoCAD Layout Redesign 
2. Update TCTP Software and provide lab technician with Tablets Barcode 
Scanning 
3. The Pareto Principle and implementing the Supermarket Pickup System 






5.3.1. AutoCAD layout Designs: 
The current design of the Precision Lab is not optimally used. The Lab is 58 feet 
long, 12 feet high, and 18.5 feet wide. This makes its size equal to 12,876 cubic feet. 
Only 10% of this space is used for shelves and cabinets to store parts and toolkits for later 
use. One of the racks in the lab is full of tools and parts that have not been used in years. 
This rack is not helping with the tools turnover rate, especially during peak season. We 
estimated that only 7% out of the 10% of space is used for tools and parts that are 
regularly needed by the lab technicians. Ernie Ayala, Project Manager at Siemens, has 
provided us with the current lab layout, which we will endeavor to improve. 
 
Figure 7: Current Precision Lab Layout Design   
 
We measured the length, width, and height of all the racks, cabinets, shelves, and 
all the other necessary equipment in the lab. We also measured the total inventory space 
used in the lab in cubic feet and multiplied it by 100% to get the percentage of space used 
for storage.   
Feet Shelf 1 Shelf 2 Shelf 3 Cabinets  Lab 
Length 20.20 18.75 24.30 2.50 58.00 
Width 2.08 4.00 2.08 2.30 18.50 
Hight 7.00 7.00 7.00 5.00 12.00 
Area (Square ft) 42.02 75.00 50.54 5.75 1073.00 
Size (Cubic ft) 294.11 525.00 353.81 28.75 12876.00 
Table 5: Current Measurements of the Precision Lab and Shelves  
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Once we have calculated the lab storage capacity, or cube size, we need to 
determine our inventory cube size. Keep in mind that our inventory cube size includes the 
racking areas in which the inventory is stored. We used the storage area and multiplied the 
length and width of racks by the height of the highest load in each area. We added the cubic 
volume for each area to obtain the storage space or maximum storage space based on the 
current set up. 
In the following table, we show the current space used for shelving and cabinets to 
store the toolkits and the parts needed on a daily basis. As we see below, only 10.4% of the 
total Lab size is used for storage. We calculated the percentage of space used for storage 
in the lab by simply adding the cubic feet space used by shelves and the cabinets and 






Total  1345.42 
Lab 12876.00 
Space used (%) 10.45 
   Table 5.1: Current Lab Measurements 
This number represents the amount of space in the precision lab that can potentially 
be used for storage. It should be between 22%-27%. This range means the lab technicians 
have enough room to move efficiently for picking, loading, and unloading without wasting 
available space. If the percentage is lower than 22%, our space could be improved by 
optimizing the rack locations, shelves usage, and aisle widths. This method can be 
implemented to calculate the storage space in the entire warehouse as a whole. However, 
in this project, we are only focusing on improving the storage space in the lab. “Warehouse 
Organization: 17 Practical Tips for Saving Floor Space”, 2019). 
By comparing the pictures to the lab layout, we can see that there is a lot of space 
in which we can build or install shelves to organize unnecessary items that occupy the 
storage room. Therefore, we propose two designs that can increase the storage space up to 
70% to 150%. 
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5.3.1.A.  Design 1: 
Currently, we have three racks and six cabinets throughout the lab for storage. Two 
cabinets have not been used in years and one of the racks has unwanted parts and tools that 
are used about once a year and other tools have not been used in few years. With design 
one, we will be adding two large heavy-duty racks that have five shelves each and moving 
cabinets. In this design we will be using four cabinets instead of six. The lab layout in 
figure 12.3 shows the layout details.  
 
Figure 8: Proposed Lab Layout Design I 
For design 1, we added shelves and recalculated the storage space to see how much space 
increase we have. The vertical space is not used, so we decided to add two feet high racks 
to utilize the overhead space.  
Feet Shelf 1 Shelf2  Shelf 5 Shelf 4 Lab cabinets 
Shelf 
3 
Length (ft) 20.20 18.75 8.00 32.30 58.00 2.50 13.60 
Width (ft) 2.08 4.00 2.08 2.08 18.50 2.30 2.66 
Hight(ft) 9.00 9.00 9.00 9.00 12.00 5.00 9.00 
Area (Sq ft) 42.02 75.00 16.64 67.18 1073.00 5.75 36.18 
Size (Cubic 
ft) 378.14 675.00 149.76 604.66 12876.00 28.75 325.58 
Table 6.1: Design 1 measurements  
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We calculated the percentage of space used for storage in the lab by simply adding 
the cubic feet space used by shelves and the cabinets and divided it by the total space of 
the lab, then multiplied the total by 100%. 
Entity  Measurement (Cubic Feet) 
Shelves  2133.14 
Cabinets 115.00 
Total  2248.14 
Lab 12876.00 
Space used % 17.46% 
       Table 6.2: Design 1 Measurements Space Used 
 
If we remove the six cabinets and add rack number 5 instead, we would gain some 
space. We also added rack number 3 near the entrance to store necessary parts for daily 
use. The last change was using the vertical space by increasing the height of all the shelves 
to nine feet instead of seven feet. This gives us a total space increase of 70% compared to 
the current layout. This increase occurs if we add racks inside the precision lab only. By 
adding this space gain from the Torque lab, our total space gain would be 120% if we 
compare it to the current storage space in the Precision lab. We can also gain 30% storage 
space if we eliminated the honey combing effect and optimally used the current shelves in 
the lab. This brings up our total space gain 150%.  
 
5.3.1.B. Design 2: 
In this design, we excluded two cabinets and expanded the current racks we already 
have in the lab. We also added rack number 4 near the lab entrance. We increased the 
height of all the racks to nine feet instead of seven feet to increase the cubic size used of 
the vertical space for storage space.  
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Figure 9: Proposed Lab Layout Design II 
 
We changed the sizes of the racks and moved things around to see if we obtain a 
better result. After calculating the increase in space and comparing it to the current lab 
layout, we found huge a difference in space utilization measurements.  
Feet Shelf 1 Shelf 2 shelf 3 Lab cabinets shelf 4 
Length 27.20 23.50 32.30 58.00 2.50 8.00 
Width 2.08 4.00 2.08 18.50 2.30 2.00 
Hight 9.00 9.00 9.00 12.00 5.00 9.00 
Area (Square ft) 56.58 94.00 67.18 1073.00 5.75 16.00 
Size (Cubic ft) 509.18 846.00 604.66 12876.00 28.75 144.00 
Table 7.1: Design 2 measurements  
We calculated the percentage of space used for storage in the lab by simply adding 
the cubic feet space used by racks and the cabinets and divided it by the total space of the 






Total (cubic feet) 2218.84 
Lab 12876.00 
Space used % 17.23% 
   Table 7.2: Design 2 Measurements Space Used 
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As we see from the table above, design 2 increases the precision lab storage space by 68% 
in comparison to the current lab layout space which is 10.45%. 
 
5.3.1.C. Torque Lab:  
In Siemens warehouse, there is a Torque Lab located directly beside the precision 
lab. We decided to utilize the space in that lab to increase the storage space for the 
precision lab without interfering with the torque lab process flow. By moving the racks in 
the middle, we gained enough space to add high density two racks with five shelves each.
 
Figure 10: Torque Lab Layout 
 
In the table below, we can see all the measurements of each shelf in the torque lab 
and how much storage space is added in comparison to the total storage space of the 
precision lab. The current space used for storage in the precision lab is 10.5%.  Around 
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30% of that is wasted due to the honey combing effect and storing unused items. Adding 





Lab Entity  Measurement 
26.00 15.00 Shelves 1944.00 
6.00 4.00 Cabinets 115.00 
9.00 9.00 Total  2059.00 




Table 8: Torque Lab Shelves Measurements 
 
This change can be added to either one of the above designs. 
 




Both of these designs are cost effective and fit within the specified budget by 
Siemens. We would get an increase of approximately 120% to 125% of storage space, 
which is much needed in the current situation.  We also kept the aisle four to five feet to 
make sure we can store large tool kits. In particular, high-density shelving systems are great 
for storing slow-moving product. What this type of shelving system does is double the 
storage capacity and makes it easy and efficient for employees to retrieve inventory. Its 
accessibility and space-saving features are the reasons why we added it to the list. By 
implementing this feature will we be adding extra shelves to store extra toolkits that are 
ready to be shipped, adding extra shelves for the parts, and allocating designated areas for 
incoming tools. Some of these shelves have tools and parts that have not been used in 
several years. They are occupying space and basically useless for the time being.  
 
5.3.1.D. Dollar Value of Storage Space: 
The value of a warehouse space can depend on a number of variables. The 
condition of the warehouse along with its size, location, and possible uses all play a role 
in determining its value. The value of a warehouse space can best be estimated by 
comparing it with warehouses that share similar characteristics. The rent per square foot 
in Suwanee, Georgia where the warehouse is located is estimated to be $1.07 per square 
foot per month. By adding the shelves and implementing either one of the designs above, 
we would gain 285 square feet of space added to the lab. The estimated annual dollar 
value of the added space is $3,660. This savings can have a good impact on the annual 
rate of return for the company overall.   
 
5.3.2. Updating TCTP Software and provide xTablet T8650  
The technicians at the precision lab spend a lot of time entering data in the system 
and updating the toolkits status daily. Instead of having to enter everything manually they 
can simply click on an icon that loads up the entire list of the tools in the toolkit without 
having to go through each item and change the status for it. They can also scan the barcodes 
that are connected to the SKU number of the entire toolkit to load up all the items included 
 40 
in the kit by the serial number assigned to it.  Barcode scanners are used to automate the 
transfer of product information from the product to TCTP software within seconds.  
The goal is to go paperless and focus on using TCTP with a calibration feature 
where all the data of all the coming toolkits can be part of TCTP and phasing out Bench 
Top Software. This can help reduce the process time spent on tools as well as reducing 
human errors. 
We propose that Siemens uses TCTP for the entire process in the lab by providing 
each lab technician with xTablet T8650. xTablet T8650 is the ultimate among feature-rich 
rugged tablets and includes features ranging from 4G LTE capability to external 3D camera 
compatibility and barcode scanning. It also has a high performance 2D barcode scanner 
which makes it great for use in the warehousing and logistics industries.  
 
Figure 12: xTablet T8650 
Applying employee cross-training and providing each employee with the necessary 
equipment can have a positive impact on the processes in the lab. Each employee would 
have a barcode scanner and a tablet that are connected to TCTP software. This tablet gives 
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access to TCTP and will provide lab technicians with easy access to the tools system and 
enabling them to update the software within seconds, order parts, and update the status of 
each tool. Each lab technician should be able to: 
• Create patches to be sent out to vendors for testing and calibrations  
• Status updates of tools and inventory updates  
• Placing orders for necessary tools and parts  
(“Mid- Performance- Mid Price & Performance in rugged tablets- Windows or Android”, 
2019). 
In Figure 13 below, we can see the tools assessment process from start to finish. 
Employees must enter data in the system more than once for each operation which reduces 
productivity and efficiency.  
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Figure 13: Flowchart shows tool Assessment Process in the Lab 
 
By adding the tablets and providing the lab employees with barcode scanners, we 
will have three servers working at a faster rate and less time wasted entering data in the 
system as shown below in Figure 14. 
 
Figure 14: Improved Tools Assessment Process 
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Arrival time and Service time: 
The precision lab receives tools at a high rate, especially during peak season. 
Siemens has three technicians in the lab. Their main focus is testing, calibrating, and 
sending out tools that need calibration to outside vendors as well as keeping up with the 
high demand. The problem is they fall behind on their tool testing and have difficulties 
keeping up with it during peak seasons. We decided to look at the data from last year to 
identify the problem. Our focus was mainly on the tools coming in and going out of the 
precision lab, especially A Sets and B Sets.  
Based on the number of tools shipped to customers and the returned dates during 
2018, we calculated the arrival time for each one. We also conducted a survey to calculate 
the service time for each one of the tools by asking each lab technician. After analyzing 
the data, we found that some of the tools take around thirty minutes to be tested and others 
take up to three weeks. We decided to focus on the tools that take several days to be ready 
for shipment since it represents 90% of the problem. Looking at Table 13 below, the 
highlighted tools are the ones that take the longest time.  
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Row Labels( S/N) Count of Shipment ID First Shipment Date Last Returned Date Days Lambda Mu In Days
Tool Set, Type "B". Modular Box 1 of 2 
100x48x78 4995lbs Box 2 of 2 
100x48x78 4995lbs 77 #DIV/0!
12406654 4 11/8/16 9/30/17 326 0.0123 0.021
12406655 4 11/14/16 7/21/17 249 0.0161 0.021
12406656 3 10/13/16 6/16/17 246 0.0122 0.021
12406657 4 1/9/17 9/30/17 264 0.0152 0.014
12406658 9 10/6/16 9/25/17 354 0.0254 0.010
12406659 6 10/4/16 9/30/17 361 0.0166 21.000
12406660 4 9/16/16 9/30/17 379 0.0106 0.035
12406661 3 10/26/16 6/2/17 219 0.0137 14.000
12406662 3 8/30/16 9/30/17 396 0.0076 21.000
12406663 4 11/29/16 6/22/17 205 0.0195 21.000
12406664 5 9/28/16 9/23/17 360 0.0139 21.000
12406665 6 11/21/16 9/29/17 312 0.0192 14.000
12406666 5 12/28/16 9/5/17 251 0.0199 14.000
12406667 2 11/17/16 9/30/17 317 0.0063 0.017
12406668 3 10/12/16 5/22/17 222 0.0135 0.031
12406669 3 9/28/16 6/21/17 266 0.0113 0.010
12406670 6 10/25/16 9/30/17 340 0.0176 0.021
12406671 3 2/24/17 5/25/17 90 0.0333 7.000
Row Labels (S/N) Count of Shipment ID
CONTAINERIZED TYPE "A" TOOL SET 51
10000050 2 10/14/16 12/15/16 62 0.0323 14.000
10000051 1 11/4/16 1/23/17 80 0.0125 3.000
10000052 1 3/14/17 6/30/17 108 0.009259 0.013888889
10000053 1 2/24/17 6/12/17 108 0.009259 0.013888889
10000054 1 1/11/17 6/1/17 141 0.007092 0.006944444
10000055 3 10/14/16 4/15/17 183 0.016393 0.020833333
10000056 1 4/17/17 6/12/17 56 0.017857 0.020833333
10000057 2 12/16/16 9/30/17 288 0.006944 0.020833333
10000058 1 12/16/16 6/1/17 167 0.005988 0.020833333
10000059 1 1/22/17 6/6/17 135 0.007407 0.020833333
10000060 2 1/29/17 9/30/17 244 0.008197 0.020833333
10000061 1 3/1/17 8/11/17 163 0.006135 0.020833333
10000062 1 1/18/17 7/17/17 180 0.0056 17.000
10000063 2 1/6/17 9/30/17 267 0.007491 0.010416667
10000064 1 1/12/17 5/11/17 119 0.0084 14.000
10000065 2 12/20/16 9/30/17 284 0.0070 14.000
10000066 4 10/14/16 9/30/17 351 0.011396 0.03125
10000067 2 2/6/17 5/30/17 113 0.017699 0.000694444
10000068 1 12/13/16 4/26/17 134 0.0075 17.000
10000069 1 12/20/16 6/26/17 188 0.0053 17.000
10000070 2 10/11/16 5/22/17 223 0.0090 17.000
10000071 2 2/6/17 9/30/17 236 0.0085 16.000
10000072 1 2/23/17 6/23/17 120 0.0083 18.000
10000073 2 2/15/17 7/28/17 163 0.0123 20.000
10000074 2 11/30/16 9/30/17 304 0.0066 17.000
10000076 2 10/14/16 6/6/17 235 0.008511 0.017361111
10000077 2 1/10/17 9/30/17 263 0.0076 14.000
10000078 1 2/6/17 4/27/17 80 0.0125 0.010416667
10000079 3 1/20/17 9/30/17 253 0.011858 0.03125
13508020 1 1/17/17 6/20/17 154 0.006494 0.013888889
13508021 2 12/7/16 4/21/17 135 0.014815 0.020833333
Grand Total 51 ….....
Table 9: Arrival and Service Time 
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After collecting all the information, we decided to use the queueing theory to 
calculate the time each toolkit stays in the lab to be tested and determine if adding another 
employee would be a good solution to reduce the service time for each toolkit. Currently, 
the average service time for the tools is equal to 0.087 and they receive more tools after 
they finish testing them, at a rate equal to 0.0188. That is a huge difference and can cause 
a delay in the operation and ultimately cause the lab technicians to fall behind on their work 
and unable them to keep up with the demand.  
 
5.3.3. Supermarket Pickup System  
This solution has many advantages in the lab. To list a few: 
• It would increase the storage space in the lab by 30% 
• Better visibility of tools and parts in the lab which increases productivity  
• Accommodates future growth  
5.3.3.A Labeling: 
Labeling is one of the key elements to an effective warehouse setup. When it comes 
to bin numbering, visibility equals efficiency in the warehouse. The bin location is the 
backbone of the supply chain that is going to be the data point that would put the product 
away, store it, move it, and finally pick it out of the warehouse. The current labeling system 
in the lab is not being followed. Lab technicians are picking up tools and parts needed 
based on memory. This was grandfathered in from years back. They have label printers 
and barcode scanners in the lab. All they need to do is put it to use. That is why we decided 
to implement the supermarket pickup system that is currently used in the Houston 
warehouse. This method is important to optimize the usage of the shelves, find items easily, 
which in turn optimizes the testing and storing system. 
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Figure 15: Labeling 
 
5.3.3.B. The Pareto Principle  
One of the most important aspects of the Pareto Principle is that 80% of the activity 
in a warehouse comes from 20% of the items, and those items are then moved at a quick 
pace in the warehouse. Additionally, 15% of the activity comes from 30% of the items, 
which move at a medium pace. The last 5% of warehouse activity comes from 50% of the 
items, which move at a slow pace. (Coronado, 2015)  
 
In Warehouse management, using the Rule of 4 and aim for 88% space utilization 
is one of the main aspects of WMS improvements.  The rule of 4 as it applies to designing 
a warehouse is based upon space utilization. The goal in using storage space is to achieve 
88% space utilization. The reason for this is that a higher utilization requires too many 
aisles to achieve the storage slot space utilization, and therefore is wasteful. A lower 
utilization causes the warehouse to have honeycombing, which is the event of a warehouse 
that has pallet locations filled with half empty pallets.  
We can gain about 30% space increase if we eliminate the honey combing effect 





5.3.4. Toolkits Booklets 
  Creating a booklet that has pictures of the toolkits for A set and B set that show the 
designated area for each part in the Set. Siemens emphasizes going out orders instead of 
coming in kits from customers. Many tools are being misplaced, lost, or broken because 
they are not stored properly when they are sent back. The customer does not package the 
kit properly and ships the kit incomplete. By adding the booklet, we can minimize the work 
done by the lab technicians for having less tools to work on or less parts to replace and fix, 
thus minimizing the costs spent on ordering new parts and broken items. The Toolkit 
Booklets will be a great investment for the company and will help with customer 
satisfaction. 
Calculations produced by a team from Kennesaw State University show that from 
the months of June to December of 2018, the FSPA spent almost $300,000 replacing tools 
that could have been misplaced by billing the customer. The amount of time that was 
wasted reordering these tools can be a huge factor in delaying the operation. Many tools 
are not ready to be shipped because of issues like these. If implementing the booklet 
solution was only 1% effective, the anticipated saving would be $3300 in costs and many 





















Every warehouse has specific operational requirements that must be addressed. 
Whether you are updating an existing warehouse or developing a new distribution center, 
it is important to focus on balance to provide flexibility for future business requirements. 
Change is constant and uncovering ways to optimize existing warehouse operations while 
preparing for business changes must become a primary objective. 
 
 The 5S Method: 
 
After examining the lab at Siemens, we decided to implement the 5S system of visual 
management. 5S is a systematic form of visual management utilizing everything from floor 
tape to operations manuals. It is not just about cleanliness or organization; it is also about 
maximizing efficiency and profit. 5S is a framework that emphasizes the use of a specific 
mindset and tools to create efficiency and value. It involves observing, analyzing, 
collaborating, and searching for wasted space and also involves the practice of removing 
wasted space. The 5S Method stands for: sort, set in order, shine, standardize, and sustain.  
• Sort: All materials must be stored and only critical items will be included. We have 
a whole shelf full of tools and items that have not been used in years and takes up 
vital space in the warehouse.  
• Set In order: Each item will have a designated area in the lab. All items must be 
organized in a way that allows workers to locate everything easily. Lab experts are 
picking items and tools randomly. We decided to implement the 80/20 Pareto 
Principle. 
• Shine: The lab area must be clean and tidy, which allows the workers to be more 
productive. There are many empty boxes laying around and some other broken 
tools.  
• Standardize: Hold workers accountable to a set of standards which ensures that 
everything runs smoothly and prevents procrastination. This can be implemented 




Figure 16: Employees’ Picture and Duty Card 
• Sustain: When new processes and practices are implemented in the company, the 
process must be sustained and audits must be conducted by the managers to 
ensure the accountability and discipline of the employees.    
 
6.2. Challenges: 
Some of the challenges we ran into while working on this project and some steps and 
tactics to overcome them: 
1. Space is too small 
2. Not enough Workforce 
3. Handle tasks efficiently and avoid procrastination 
4. Reduce order processing cycle time 
5. Limited budget and high expectations  






6.2.1 Limited Space: 
As demand grows and consumer preferences fluctuate, companies must 
manufacture products in greater numbers and with more varieties. During peak periods, 
many warehouses further expand their inventory with seasonal offerings for customers. 
Manual facilities easily run out of available warehouse space and efficient storage and 
retrieval becomes a major obstacle. 
 
6.2.2 Limited workforce:  
As order volumes increase due to business growth and seasonal spikes, facilities 
that manually pick and pack orders for shipment often lack enough personnel to keep up 
with demand. This shortage results in added overnight shifts and overtime hours to 
maintain operations, which adds to the cost of labor. Many warehouse managers turn to 
hiring temporary warehouse workers from an already limited labor pool, sometimes even 
doubling their workforce with untrained and unqualified staff. 
Warehouses are expanding all over the globe, and with it the demand for workers 
has also seen a sharp increase. Services are expected to keep growing over the next five 
years at a compound annual rate of 6% which means warehouse labor will likely remain as 
much in demand as ever. (Klara, 2019). 
 
6.2.3 Handle tasks efficiently and avoid procrastination  
Employees in a warehouse sometimes have a hard time with tackling tasks 
effectively and in an efficient way. Unfortunately, procrastination can be hard to put aside, 
however it is imperative to always attempt tasks as soon as possible. These can be breaking 
down boxes, putting them in recycling to clear out the area, unpackaging the items, and 
stocking them appropriately on the shelves. It is very important to create good habits like 
these in the workplace. Employees must also must make sure to stick to the shipment 






6.2.4 Reduce order processing cycle time 
In one analysis of a distribution operation, data revealed that the overall order 
processing cycle time was extremely inefficient. Of the total order cycle time, it was 
actually being worked on only 37.9% of the time. 6% of the time was wasted while people 
dealt with problems such as waiting for lift equipment, computer issues, interruptions, and 
blocked aisles, and the remaining 56.1% of the time orders sat idle. This is a low 
productivity ratio by any standard. While it is unrealistic to expect a productivity ratio of 
100%, an increase to 75% efficiency would double productivity. How can this opportunity 
be captured?  (Pontius, 2019)  
 
6.2.5 Limited Budget and High Expectations:  
Siemens set a $2,000 budget for this project. Unfortunately, this budget will cover 
some of the changes but not all. They want to meet or exceed the system in the Houston 
warehouse with minimum changes and upgrades, which makes it very difficult. In order to 
meet these expectations, we focused on changes that are economically reasonable to stay 
within the specified budget. Adding shelves, barcode scanners, and bin numbering are 
major changes that can be covered. Any additional changes will require more time and 
money.  
 
6.2.6 Outside Vendors and Parts: 
Siemens uses two outside vendors for tools calibration and repair. They also use 
Turner Supply, their In-house supplier, to fill the majority of parts needed on a daily basis. 
Turner gets the parts from one main manufacturer called Streat, as specified by Siemens. 
They specifically use this manufacturer because they provide top quality products. The fact 
that they rely on one manufacturer can result in some parts delivery issues. Anytime Streat 
is in high demand, Siemens must wait a couple of months for the orders to be filled. Turner 





6.3 Operation Managements: Inventory Control System 
Safety Stock: 
Insufficient inventory, parts, and tools to repair and replace broken kits impact the 
ability to provide clients with the products on time. In contrast, too much inventory incurs 
extra holding and capital costs. Safety stock means extra inventory beyond expected 
demand, while stockout means running out of the product and not able to meet demand. 
Therefore, we need to know how much safety stock to keep in the lab so we would not 
stockout.  
 
Figure 17: Safety Stocks 
 
Some of the terms we will be using to calculate safety stocks: 
Lead time demand- which is how long it takes for the parts to be delivered to the 
lab from the supplier and is represented by the normal distribution using the average lead 
time demand and its standard deviation. We need to know the standard deviation and how 
many Stand Dev above the mean by looking at the z statistic (Z table) to get the Zvalue. 
We can calculate it by plugging the following function in excel: Norm.s.inv(1-probability 
of stocking out) to get the Z value, which is the desired service level. We will have the 
probability of 90% of not stocking out. 
Safety Stock = Desired Service Level x Standard Deviation + average seasonal demand x 
Lead Time 
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Per Season SKU ID
2 0 1 3 0 2 1.50 1.33 1.11 3 22158
0 4 0 2 0 0 1.50 1.00 1.53 3 78001062
0 0 2 1 0 2 1.50 0.83 0.90 2 78045267
7 0 0 0 0 0 1.50 1.17 2.61 4 78010800
0 2 0 0 3 0 1.50 0.83 1.21 2 78043335
0 8 0 8 8 0 1.19 4.00 4.00 8 78021936
31 0 12 20 15 0 0.97 13.00 10.92 22 78019299
7 0 0 0 0 0 0.95 1.17 2.61 3 78010813
0 8 0 18 10 0 0.93 6.00 6.73 11 21957
11 0 9 4 3 0 0.92 4.50 4.19 8 78052133
0 4 0 2 4 0 0.92 1.67 1.80 3 78021937
10 4 7 0 9 2 0.83 5.33 3.64 7 78052134
0 4 0 2 0 0 0.78 1.00 1.53 2 78001063
8 0 4 18 0 0 0.68 5.00 6.51 9 31719
3 4 0 2 0 0 0.67 1.50 1.61 2 78001061
0 2 0 5 0 0 0.57 1.17 1.86 2 20650
0 2 0 0 3 0 0.57 0.83 1.21 1 78043334
0 2 0 0 3 0 0.57 0.83 1.21 1 78043336
0 1 3 6 3 0 0.56 2.17 2.11 3 22159
4 8 20 13 19 0 0.55 10.67 7.39 12 28018
5 4 4 2 2 2 0.54 3.17 1.21 3 78052132
10 3 17 12 1 5 0.50 8.00 5.54 9 32056
3 1 0 2 2 1 0.49 1.50 0.96 2 78044324
0 0 4 0 0 0 0.47 0.67 1.49 2 31729
4 0 6 3 0 2 0.46 2.50 2.14 3 78052131
4 0 4 0 4 0 0.42 2.00 2.00 3 78052343
4 8 7 2 8 0 0.42 4.83 3.08 5 78054120
3 1 0 1 2 1 0.41 1.33 0.94 1 78044325
2 4 0 2 5 0 0.39 2.17 1.86 2 21960
2 3 12 10 4 1 0.38 5.33 4.15 5 21560
6 1 4 2 2 1 0.36 2.67 1.80 2 78044579
2 1 0 0 2 0 0.35 0.83 0.90 1 78044323
12 8 20 18 7 9 0.34 12.33 4.99 8 21690
4 10 6 30 6 10 0.32 11.00 8.77 11 22764
8 2 0 2 0 0 0.30 2.00 2.83 3 78010770
2 13 26 9 25 30 0.29 17.50 10.14 14 22172
0 4 4 2 1 0 0.25 1.83 1.67 2 22155
26 10 22 28 34 42 0.24 27.00 9.92 15 20847
0 2 2 7 4 0 0.20 2.50 2.43 3 22156
7 2 0 2 0 0 0.20 1.83 2.48 2 22017
2 0 0 0 4 4 0.18 1.67 1.80 2 20937
5 4 0 0 0 6 0.18 2.50 2.57 3 78060290
0 12 16 13 0 0 0.18 6.83 6.94 7 28281
18 17 25 23 24 16 0.18 20.50 3.59 7 24630
4 0 4 1 4 0 0.13 2.17 1.86 2 78052346
6 8 0 38 0 4 0.12 9.33 13.15 12 78020108
4 3 6 0 0 0 0.12 2.17 2.34 2 28130
3 8 21 4 0 0 0.12 6.00 7.23 7 78052138
20 23 28 27 20 16 0.11 22.33 4.19 6 21524
Table 10.1: Safety Stock 
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4 0 0 0 0 8 0.11 2.00 3.06 3 78060293
4 4 3 19 0 4 0.10 5.67 6.13 6 22082
18 17 24 19 24 16 0.10 19.67 3.20 5 24629
6 2 0 4 5 3 0.09 3.33 1.97 2 21554
3 0 0 0 2 2 0.09 1.17 1.21 1 78050983
16 0 0 0 0 2 0.08 3.00 5.86 5 28960
6 1 2 4 6 3 0.07 3.67 1.89 2 21555
0 0 4 0 0 0 0.07 0.67 1.49 1 31017
8 3 8 2 14 9 0.06 7.33 3.99 4 31711
5 0 1 0 4 0 0.06 1.67 2.05 2 32062
0 18 0 0 0 9 0.06 4.50 6.87 6 78022721
4 0 4 0 0 2 0.06 1.67 1.80 2 31330
0 2 0 4 0 0 0.06 1.00 1.53 1 20570
10 10 3 5 0 5 0.06 5.50 3.59 3 31733
16 28 28 36 32 18 0.06 26.33 7.16 8 21961
10 0 6 0 12 0 0.06 4.67 4.99 4 78006263
0 0 6 4 0 0 0.06 1.67 2.43 2 78060297
0 0 0 3 1 2 0.06 1.00 1.15 1 23651
0 0 0 4 1 5 0.06 1.67 2.05 2 23652
2 0 2 0 5 0 0.06 1.50 1.80 2 31735
0 1 0 3 7 0 0.06 1.83 2.54 2 29855
8 21 24 83 53 0 0.06 31.50 28.36 26 21858
20 10 51 0 12 0 0.06 15.50 17.34 15 78006262
2 0 3 0 2 3 0.06 1.67 1.25 1 78012203
0 6 0 0 0 0 0.06 1.00 2.24 2 78060292
9 7 15 40 28 15 0.06 19.00 11.53 11 78012037
4 0 1 0 0 0 0.06 0.83 1.46 1 78053389
0 0 2 1 0 2 0.06 0.83 0.90 1 78045266
0 67 13 0 0 55 0.05 22.50 27.83 25 20144
7 1 0 0 0 11 0.05 3.17 4.30 4 30277
0 0 6 13 2 4 0.05 4.17 4.49 4 78041172
9 15 4 13 1 4 0.03 7.67 5.09 5 28189
Table 10.2: Safety Stock 
We calculated the average demand per season for each one of the tools and parts 
ordered by the precision lab in 2018. Based on the data from 2018, we forecasted the 
number of safety stocks needed. We also calculated the lead time and standard deviation 







CHAPTER SEVEN- RESULTS AND DISCUSSION 
7.1. RESULTS: 
After reviewing many different approaches to solve the problem at hand, we ended 
up focusing on a few solutions that gave us the most optimal results with the minimum 
costs possible to fit within the specified budget. The results we would obtain if we 
implemented the proposed solutions would have a significant difference on the tool 
assessment process in the lab and the entire warehouse system as a whole. At the beginning 
of the project, we wanted to increase the storage space in the precision lab by 20% to 30% 
at minimum.  Solution one would give us 120-150% gain in storage space.  
 
7.2 DISCUSSION: 
We proposed two different designs that would give us approximately the same 
result. Design one was to remove the cabinets to the front of the lab and add shelves in the 
precision lab towards the back wall and add another shelf near the entrance.  
 
Figure 18: Precision Lab Design I 
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Design II was focused mainly on extending the current shelves in the lab and added 
another shelf near the entrance. This design is cost effective and does not require huge 
changes in the lab.  
Both designs would give us around 70% space gain. We also added two shelves in 
the torque lab since it is the closest to the precision lab and has a huge space that is not 
optimally used. These two shelves would give us an extra 50% gain, that would bring out 
total gain to 120%. The extra 30% gain would come from optimally using the current 
shelves in the lab by eliminating the unnecessary items and reducing the honey combing 
effect. 
 
Figure 19: Torque Lab 
 
That exceeds the expected gain we stated at the initial design review. This extra 
space will be filled with shelves to store more tools and parts. It will prevent stocking out 





CHAPTER EIGHT- CONCLUSION 
Warehouse and distribution managers can take steps to meet their ultimate 
challenge by properly configuring warehouse space and material handling products to meet 
material handling and storage needs. This will maximize space, efficiency, and drive down 
overall warehousing costs and enhance productivity. A new and more efficient lab layout 
can have a direct impact on the company’s return on investment. Congested aisles and not 
optimally utilizing the storage space can cause lost time and inefficiency. Inefficiencies 
can cause inventory stockout, especially during peak season, which impairs operations, and 
increases costs. Resolving these factors can contribute to reducing operating costs and 
improve the bottom line.  
 Our proposed designs and implementing the cube utilization methods helped us 
gain enough storage space to store toolkits and safety stocks to keep up with the high 
demand, especially during peak seasons. The precision lab layout was designed not only to 
solve current the problem, but also to accommodate future growth as well. 
The other criteria we focused on was developing and implementing a system that 
makes it easy for lab technicians to navigate throughout the inventory in the lab and reduce 
the overall time spent looking for parts. The supermarket pickup system solution is a top 
priority to overcome this problem.   
Time management is a critical aspect of any successful business. Lab technicians 
are having a difficult time keeping up with the high demand even though there are three 
employees in the lab. The reason they cannot keep up with the demand is because they 
spend a lot time entering data manually. Our proposed solutions were to provide them with 
tablets that are connected directly to the system which have a barcode scanning feature. 
This will help reduce the time spent on the tools assessment process scientifically, reduce 
the overtime hours worked by employees, and have a direct positive impact on the toolkits 
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APPENDIX C – REFLECTIONS 
At the beginning of the project, I was a little intimidated because I had to work on 
my first actual engineering project by myself. At first it was challenging just existing at the 
same time. I took the challenge to prove that I am ready for real world engineering 
problems and it is time to implement what I have learned throughout the years. In almost 
every class we took, we were given the problem and the data that we need to solve it. In 
this project, I had to decide what information I needed and how I was going to use it to 
solve the problem at hand. It was a great chance for me to use everything we have learned 
in all the courses related to my major.  
In every class, I have always wondered how am I going to use this information to 
solve real world problems. This project was the answer to my question. I have always had 
these doubts about my major and was wondering if I chose the right one for me. This project 
put an end to all my doubts. It made me clearly see what Systems and Industrial 
Engineering is all about. Going through the process of collecting the data, analyzing it, 
asking the right questions, and coming up with the solutions that would give the most 
optimal result was exciting and probably the best learning experience of my entire 
education. After completing all my research and my Senior Design Project, I have a clear 
understanding of the most valuable methods and tools in the Industrial Engineering field 
and I am ready to take on any challenge in the future.  
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